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© Method and device for transmission control In electrical feed vehicles. 


<§) Method for electrical feed vehicle transmission 
control including at least one electric motor (M1, M2) 
and a driving wheel (1), whose respective shafts are 
mechanically linked together by a coupling device 
(2), wherein: 

a) the instantaneous difference between the r.p.m. 
of the driving wheel (1) and tha r.p.m. of the 
electric motor (Ml, M2), w monitored, preferably 


on their shafts, upstream and downstream of the 
coupling device (2). The coupling device is ad- 
justable according to torque transmission; 
b) this difference in r.p.m. is transformed on the 
basis of noted characteristics of torque transmis- 
sion of the coupling device (2), into a regulation 
or drive signal the coupling device in relation to 
the transmitted torque. 
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The invention relates to a method and a device 
for the transmission control of electrical vehicles. 

Today electrical feed vehicles have a single 
electric motor which is dynamically connected to 
the driving wheels) by means of a mechanical 
transmission, almost identical to that used in ve- 
hicles with a combustion engine. 

This transmission usually consists of a clutch, 
a gearshift and a differential. But mechanical trans* 
mission is not really suitable tor use in electric 
vehicles, as the resultant dynamic friction absorbs 
a considerable amount of energy. This reduces 
autonomy of electrical traction vehicles and ob- 
structs the use of regulating devices which could 
regulate both transmitted. and delivered torques, in 
order to improve energy consumption and perfor- 
mance of vehicles themselves. 

The invention concerns to the problem involved 
in realizing a method and a device for transmission 
control in electric vehicles by which ft te possible to 
avoid the troubles of the known mechanical trans- 
missions, expecjaJly by avoiding the use of these 
latter ones. 

The Invention provides a method for the trans- 
mission control for electrical feed vehicles with at 
least one electric motor and one driving wheel 
whose respective shafts are dynamically linked by 
a coupling device according whith: 
.a) the instantaneous difference between the 
r.pjn. of the driving wheel and the r-p-rn. of the 
electric motor is measured. This Is suitable 
measured on each shaft, the shafts being posi- 
tioned both upstream and downstream of the 
coupling device. The coupling device (s adjust- 
able according to the torque delivered; 

b) this difference In r.p.m. is transformed, on the 
basis of the known characteristics of torque 
transmission of the coupling device, into a value 
by which to regulate the coupling device in 
relation to the transmitted torque. 

c) the transformation of the difference in r.p.m. 
Is made in such a way that adjustment of the 
coupling device rninimalizes or reduces to al- 
most zero value of said difference in r-p-m. 
between the electric motor and the driving 
wheal. 

d) the measurement of the difference in r.p.m., 
its transformation and adjustment of the cou- 
pling device are made in real time, continuously 
and dynamically. 

Using the method described above the inven- 
tion provides a device for the transmission control 
of electric vehicles including at least one electric 
motor that operates at least one driving wheel by 
means of a coupling device, in which there are 
provided: 

an electrically adjustable coupling device; 

two electronic r.p.m. sensors, positioned one on th 


shaft of the electric motor upstream from the cou- 
pling device and the other on the wheel shaft, 
downstream from the coupling device; 
a control processor provided with inputs to which 

5 the r.p.m* sensors are connected, with at least one 
control output for regulating the coupling device 
end With a memory containing the transmission 
Characteristics of the said coupling device accord- 
ing to the range of regulation required. 

ro According to a further embodiment of the in- 
vention, the propulsion system consists of at least 
two electric motors which can be dynamically, sep- 
arately and/or contemporaneously, linked to the 
engine shaft of the driving wheeKs) by, for exam- 
is pie, a selective coupling device. These two motors 
may be separately or contemporaneously activat- 
ed, one of said motors, the so-called "starter mo- 
tor" is capable of developing maximum torque at a 
low r.pjn., besides the other motor, the so-called 

20 "cruising motor 9 is capable of developing the maxi- 
mum torque at a high r.p.m., switching systems 
being provided in turn one of said motors at the 
same time, depending on the running conditions of 
the vehicle in relation to each of the motors. 

20 The selective coupling devices can be of any 
type, for example, flexible coupling, one-way bear- 
ing or transmissions which can be uncoupled. 

Advantageously the switching systems are 
made up of a energy control unit which is activated 

so by the electronic computer for the activation of one 
or both motors according to vehicle gear con- 
ditions. Sensors are provided to monitor gear con- 
ditions by recording the differences between the 
torque delivered by each motor. These sensors are 

99 connected to the computer (in-put side) as is the 
regulation control of foe desired torque (accelerator 
pedaf). 

In vehicles with at least two driving wheefe, the 
invention also provides each driving wheel with an 

40 independent motor such as described above and 
whose common functioning is controlled by the 
electronic computer. 

The application of the method and device in 
this invention has many advantages. This type of 

43 torque transmission between the propulsion system 
and the driving wheel substantially eliminates that 
absorption of power by dynamic friction typical of 
known mechanical transmissions, ft allows a con- 
tinuous dynamic adjustment of me coupling device 

so while guaranteeing minimum consumption of en- 
ergy in order to obtain the maximum torque trans- 
mission. This Increases vehicle autonomy and 
greater durability of transmission parts. 

Doubting of the electric propulsion system in a 

ss starter motor and a cruising motor improves en rgy 
use by activating the starter motor during accelera- 
tion phases and when moving from a stationary 
position, and by deactivating it. when, at the re- 
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quired speed, the cruising motor Is inserted. 

Since the starter motor is activated only for trie 
short time necessary to push beyond the Inertia 
point, there is no danger of over-heating or motor 
damage, since it can be efficiently cooled in trie 
Inactive phase. This minimafees the two motor 
sizes, In particular of the same starter motor itself 
thus avoiding bulk, excessive weights and limiting 
cost 

in vehicles with two or more driving wheels, 
each provided with its own propulsion system as 
described above, the Invention provides a control 
system which acts as a differential, and obtain a 
self-locking and flexible coupling system, and regu- 
lates braking. 

The Invention afso provides other characteris- 
tics which ameliorate the method and the device 
hereabove described and that are objects of the 
depending claims. 

The particular characteristics of the invention 
and the advantages to be gained may be seen in 
more detail from the description of a suitable ex- 
ecution which is offered as a not Smiting example 
as shown tn the enclosed diagrams, wherein: 

Figure 1 Is a black diagram of an electrical feed 
vehicle. 

figure 2 is an enlarged detail of the transmis- 
sion control device of one of the driving wheels. 

Referring to the block diagram of Rg. 1 the 
electrical feed vehicle includes a separate propul- 
sion system for each of the two driving motors (1); 
a power supply circuit (9} for the propulsion sys- 
tem; an electrical energy recovery unit consisting 
of a number of recovery generators; a central con- 
trol unit (15) with monitoring sensors and control 
actuators for vehicle function management 

The propulsion system of each driving wheel 
(1) Is made up of two electric motors M1, M2. The 
two electric motors M1 and M2 are coax telly moun- 
ted on the engine shaft of the respective driving 
wheels (1) which are connected to the same by a 
coupling device (2). Such coupling device (2) is 
adjustable or may be electrically activated, accord- 
ing to the transmitted torque, tn the case of a 
mechanical device it may have an electric regulat- 
ing actuator. 

The coupling device (2) preferably consists of 
an electromagnetic or electroRquid clutch with a 
belt speed reducer. Each motor Mi, M2 of the two 
propulsion systems of the two driving wheels (1) is 
electrically connected to an electrical energy accu- 
mulator (3), including, for example, rechargeable 
batteries linked together in such a way as to pro- 
vide the voltage and current necessary to teed the 
motors M1 and M2. 

Advantageously, th electrical energy accumu- 
lator (3) is provided with a voltage regulating de- 
vice (4), with a large number of positive boosters. A 


power control unit (5) is positioned between motors 
M1 and M2 and the electrical energy accumulator 
(3) to manage connections between motors M1 and 
M2 and the accumulator and regulate power supply 

s to M1 and WI2. 

The electrical energy recovery devices are 
linked to the power control unit (5). These devices 
may be of any type and in the present realizing 
example consist of motors Ml and M2 themselves 

io which act as generators during braking of one or 
more photovoltaic cells (6) and absorbers them- 
selves (7). Absorbers (7) are In the form of linear 
electrical. energy generators and convert the dy- 
namic work of the suspension into electrical en- 

i$ ergy. 

Recovered electrical energy is not stored dh 
rectfy into accumulators (3) but In electronic 
flywheel (8). This is finked to power control unit (5) 
and is able to absorb the recovered energy much 

20 more quickly, also avoiding energy dissipation in 
the form of heat. 

The braking circuit (9) is such a hydraulic one. 
The braking devices (10) of each wheel are con- 
trolled with brake pedal (1t) by means of hydraulic 

2s pump (12) (inked to a fiquid plenum chamber (13). 
An on/off solenoid valve electrovatve (14) is posi- 
tioned between the plenum chamber and the circuit 
(9), while the plenum chamber itself (13) is- pro- 
vided with a pressure sensor (not shown m detail) 

30 The management of said members is controlled by 
a central control unit, for example, a computer (1 5). 
Other than the basic functions described! the com- 
puter (15) can also control all vehicle functions 
including accessory systems such as heating etc- 

35 Figure 1 shows a heating pump (16) that is 
flnked both to the energy control unit (5) and the 
computer itself (15). 

Sensors wrjicb monitor the function parameters 
of the above mentioned devices are connected to 

40 the computer (15) for vehicle function management 
along with the regulating actuators of the devices 
themselves. 

On the basis of sensor readings, the computer 
(15) calculates the regulating signals required to 

45 improve vehicle function, obtaining the best perfor- 
mance with the lowest possible use of energy. 
Connected to the computer (15) ere the electrical 
energy accumulator (3), the regulating device (4), 
the energy control unit (5), the electric transducer 

60 of the accelerator pedal (17) and the liquid plenum 
chamber (13) pressure sensor in the braking circuit 
(9). 

Also connected to the computer (15), as will be 
described in greater detail below, are the torsion 
55 sensor (18) positioned on either side of a flexibl 
coupling (22) in order to measure the difference in 
delivered torque from motors Ml and M2 of each 
propulsion system, th sensors (1 9) which monitor 
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the difference in torque between the driving motor 
(1) and its respective propulsion system, regulating 
or driving actuators of the coupling device (2), and 
the sensors (20) which monitor steering wheel an- 
gle. 

With reference to the diagram in fig. 2, the 
coupling device (2) between the propulsion system 
shaft and the shaft (101) of the driving wheel (1) is 
adjustable or may be electrically activafexiSuitably 
in proportion to the size of the guiding or regulating 
signal and the torque transmission ratio. The cou- 
pling device (2) is connected to the computer con- 
trol out-put (15)- While sensors to monitor rp m, 
(19s, 19b) are positioned on the driving wheel shaft 
(1) and on the propulsion system shaft respec- 
tively upstream and downstream of the coupling 
device (2). These two sensors 19a, 19b are con- 
nected to the computer In-put (15). 

From signals received from the sensors (19a, 
19b) the computer (15) calculates the difference in 
r.p.m. of each driving wheel (1) and their respective 
propulsion systems. According to coupling device 
characteristics (2) memorized in the computer (15), 
from said the difference in r.p.m. this latter gen- 
erates a signal for the driving or regulating of the 
coupling device (2). 

The driving or regulation signal is calculated 
and constantly corrected in real time to minimize or 
reduce almost to zero the difference in r.pjn.. 
When this condition is satisfied, the coupling de- 
vice is operating at full efficiency, transmitting the 
delivered torque to the driving wheel by means of 
the propulsion system without loss in power from 
dynamic friction or slipping and with the minimum' 
use of energy for driving or regulation 

Motors M1 and M2 of the propulsion system of 
each driving wheel are placed on a common en- 
gine shaft The engine shaft is divided into two 
sections one for each pair of motors M1 and M2. 
These motors (M1 , M2) are connected together by 
a selective coupling device, for example by a flexi- 
ble coupling (22) or a one-way bearing. 

In the case of the flexible bearing a sensor 
(18a, 18b) is placed on the Shaft section of each 
motor M1 and M2 upstream and downstream the 
flexible coupling (22). Together these sensors 
(18a,18b) form a motor shaft torsion sensor and are 
connected to computer (15) inputs. 

Motors Ml, M2 differ in the r.p.m. at which 
each develops its maximum torque. Motor M2, the 
so-called the "starter motor" develops its maximum 
torque at a fow r.p.m., for example 1000 r.p.m. and 
It is suitable for start-up from a stationary position 
and acceleration. 

Motor Ml, the so-called "cruising motor" de- 
velops its maximum torque at a high speed ( .g. 
3000 t\p.m.) and Is therefore preferably used dur- 
ing cruising. 


On the basis of signals from the monitoring 
sensors (Ida, 18b) r and the acceleration desired by 
the user and communicated to the computer (15) 
via the accelerator pedal (17), the computer (15) 

* causes the energy control unit (5) to activate or 
deactivate alternately or contemporaneously the 
two motors M1 and M2. This takes place according 
to vehicle gear conditions and the characteristics of 
the two motors M1 and M2 which are activated in 

io the conditions most suitable to them. 

When starting up from a stationary position 
with normal acceleration the computer (16) ac- 
tivates only the starter motor M2. When very high 
acceleration Is desired the computer activates both 

15 motors Ml and M2 at the same time. When the 
vehicle has reached cruising speed, the computer 
(15) deactivates the starter motor M2 and activates 
the cruising motor M1. 

When, as in the present example, the motors 

so Ml and M2 are coaxtally linked both to each other 
and to the motor shaft by a flexible coupling {22), 
even though the cruising motor Ml has to turn over 
the deactivated starter motor during cruising, the 
loss of energy Is minimal and may be comperv- 

25 sated by feeding the equivalent quantity of elec- 
trical energy to the starter motor M2. This does not 
happen when instead of a flexible coupling (22), a 
one-way bearing is used. 

As each driving wheel has its own independent 

30 propulsion system, controlled by the computer 
(15), the propulsion system can easily carry out the 
differential functions, selfrbtocking and flexible cou- 
pling functions and brake regulation, with char- 
acteristics similar to systems such as the so-called 

ss ABS or similar. 

The differential' action is carried out by the 
computer (15) which uses, for example, sensors 
(19a, 19b) to compare the r.p.m- of the opposite 
driving wheels. Under the control of the computer, 

40 energy control unit (5) drives the driving wheels at 
differe n t speeds, as required by the steering angle. 
This is carried out automatically by connecting two 
sensors (20). which monitor the steering angle, to 
the computer (15). The computer (15) then cal- 

46 culates the difference in rotatory speed of the drive 
wheels corresponding to the observed steering an- 
gle. The computer then communicates this dif- 
ference to the energy control unit (5) which regu- 
lates the power supply currents to motors Ml and 

so M2 of each propulsion system accordingly. These 
steering angle sensors (20) may be connected to 
both the steering wheels or to the steering device. 

Limitation of the difference in 3peed of the 
driving wheels according to steering angl guar- 

ss antees self-locking of the differ nrlai at the sam 
time. 

Continuous control Of the differences in driving 
wheel speed allows the implementation of flexible 
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coupling and brake regulation functions. Variations 
in speed, not Justified the steering angle, (for exam- 
ple the skidding or blocking of a driving wheel), are 
Immediately signalled to the computer (15). The 
computer acts on the propulsion system via the 
energy control unit (5) in real time, to make up the 
deference in driving wheel speed (1). 

Another characteristic of the invention concerns 
vehicle stopping. In this case the computer (15) 
frees the driving wheels (1) from their respective 
propulsion systems by deactivating the coupling 
device (2). The propulsion systems are kept turning 
for a predetermined period, after which they are 
deactivated by the computer (15). 

Coupling devices (2) may also be used to carry 
out differential functions with Implementation of 
self-locking and flexible coupling, and braking regu- 
lation. 

Naturally, the invention is not limited to the 
executive forms described and illustrated above but 
can be widely varied and modified without aban- 
doning the basic principle outlined above and 
claimed below. 

Claims 

1. Method for electrical feed vehicle transmission 
control including at least one electric motor 
(M1, M2) and a driving wheel (1). whose re- 
spective shafts are mechanically finked togeth- 
er by a coupling device (2), characterized by 
the fact that 

a) the instantaneous difference between the 
r.p.m. of the driving wheel (1) and the r-pm 
of the electric motor (Ml, M2), is monitored, 
prefarabty on their shafts, upstream and 
downstream of the coupling device (2). The 
coupling device is adjustable according to 
torque transmission; 

b) this difference in r.p.m- ts transformed on 
the basis of noted characteristics of torque 
transmission of the coupling device (2), into 
a regulation or drive signal the coupling 
device in relation to the transmitted torque. 

c) the transformation of the difference in 
r.p.m. is made in such a way that the regu- 
lation or driving of the coupling device (2) 
determines a minimization or a reduction to 
almost zero of the difference in r.p.m, be* 
tween the electric motor (Ml. M2) and the 
driving wheel (1). 

d) the measurement of the difference in 
r.p.m., its transformation and the regulation 
of th coupling device (2) Is carried out 
continuously and in real time. 

2. Method in accordance with claim 1. character- 
ized by the fact that: 


a) the driving wheel (1) is activated by two 
different motors (Ml, M2), one of which, the 
so-called starter motor, delivers the maxi- 
mum torque at a low r.p.m,, while the other, 

6 the so-cailed cruising motor, develops the 

maximum torque at a high rp.m.. 

b) the actual running conditions of the ve- 
hicle, for example, speed and delivered 
torque of the motors Ml and M2 and the 

io torque desired by the driver, for example 

the acceleration, are monitored. 

c) the starter motor (M2) and the cruising 
motor (M1) are activated alternately or con- 
temporaneously according to observed run- 
ts ning conditions of the vehicle, in particular, 

the starter motor (M2) is activated for accel- 
eration or starling up from a stationary posi- 
tion and the cruising motor (Ml) is activated 
in cruising conditions, 

20 

a Method according to claims 1 or 2, for trans* 
mission control in electric vehicles with two or 
more driving wheels (1), characterized by the 
fact that 

25 a) each driving wheel (1) Is activated by an 

independent electric propulsion unit with 
one or two electric motors Ml , M2; 
b) r.p.m. of each driving wheel is monitored 

(1); 

30 c) the adjustment of the operating condi- 

tions of each electric propulsion system 
(M1, M2) for each driving wheel is carried 
out according to differences In r.pjti. ol trie 
driving wheels and steering wheel angle; 

3$ d) when travelling in a straight line the mo- 

tors (M1,,M2) are regulated to make the 
difference in driving wheel speed (1) equal 
to zero, implementing the flexible coupling 
and braking regulation functions; 

40 e) when turning, the propulsion system (M1 , 

M2) of each driving wheel, is regulated to 
obtain different speeds on driving wheels 
(1), as calculated for the given steering an- 
gle, and implement setflocWng and flexible 

45 coupling functions. 

4. Device for the actuation of the method accord- 
ing to claim 1 r characterized by: 
a coupling device (2) inserted between the 
50 driving wheel shaft (i) and the shaft of the 
connected propulsion system (Mi, M2). This 
device is lectricaJly adjustable. The following 
are also foreseen: 

two electronic sensors (10a, 18b) to monitor 
55 r.p.m. are positioned, respectively, on the shaft 
of electric propulsion system (Ml, M2), up- 
stream and downstream of the coupling device 
(2). and on the shaft of the driving wheel (1). 
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downstream of the coupling device; 
a control computer (15) with in-puta for r.p.m, 
sensor data (19a, 19b), at least one control 
out-put to which the adjustable coupling device 
(2) is connected, and a memory which con- s 
tains the transmission characteristics of said 
coupling device (2) according to the regulation 
range used. 

6. Device according to claim 4. characterized by: io 
a coupfing device (2) which may be mechani- 
cal, with an electric regulating actuator or an 
electromagnetic or electrollquid clutch pro- 
vided with a speed reducer belt preferably 
with a linear relationship between driving or *5 
regulation voltage and delivered torque. 

6. Device according to one or more of the pre- 
ceding claims, characterized by the fact that 

the electrical motor of each driving wheel is 20 
made up of at least two electric motors (Ml. 
M2) which can be connected separately and/or 
contemporaneously to the motor shaft of the 
driving wheel(s), for example, by a selective 
coupling device, and being activated separate- 25 
ly and/or together, one of which motors, the 
so-called "starter motor 1 ' (M2), can develop the 
maximum torque at low r.p.m. while the other, 
the so-called "cruising motor" (Ml) develops 
the maximum torque at high r.p.m., being for- 90 
warded of switching systems (5. 15, 17, 18a, 
18b) that activate one of the two motors (M1, 
M2) or both motors together (Ml, M2) accord- 
ing to the vehicle running conditions appro- 
priate to one or the other motor (M1 , M2). 35 

7. Device according to claim 6, characterized by 
the fact that switching systems constating of an 
energy control unit (5) positioned between the 
electric motors (M1, M2) of each propulsion ao 
system and the electrical energy accumulator 

(3, 4) and which is activated by computer (15) 
according to the activation of one or the other 
of the motors (M1. M2) or both motors (Ml, 
M2) according to vehicle running conditions, 45 
being forwarded of monitoring sensors of ve- 
hicle running conditions that consist of a moni- 
toring sensor (18a, 18b) recording the differ- 
ence in the delivered torque of the motors (M1 , 
M2) and being that sensor (18a. 18b) con- 50 
nocted to computer in-put as is the actuator 
device of the desired torque (accelerator pedal 
17). 

& Device according to claims 6 and 7, character- $s 
i2ed by the fact that the motors <M1, M2) of 
each propulsion system ar mounted on a 
common motor shaft which is divided into two 


sections linked respectively to a motor (Ml 
and M2) and linked together by a selective 
coupling device, (tor example a flexible cou- 
pling (22) or a one-way bearing or similar) 
while thB starter motor (M2) Is placed between 
the cruising motor (Mi) and the coupling de- 
vice (2) and relating to each motor shaft sec- 
tion a sensor (16a, iBb) is forwarded, in par- 
ticular a r.p.m. sensor which sensors (18a, 
16b) constrtue a common motor shaft torsion 
sensor. 

9. Device according to one or more of the pre- 
ceding claims, characterized by the fact that 
the starter (M2) and cruising (M1) motors may 
consist of permanent magnet automation mo- 
tors, preferably developing a maximum torque 
at a speed of respectively 1000 r.p.m. and 
$000 r.p.m., and a linear response in respect 
to the supply voltage. 

10. Device according to one or more ol the pre- 
ceding claims, characterized by the fact that 
steering angle sensors (2~) are provided con- 
nected, for example, to the steering wheels or 
the steering device and which are connected 
to the computer (15) in-put 

11. Device according to one or more of the pre- 
ceding claims, characterized by the fact that 
the computer (15) operates in real time on a 
number of parameters at once. 

12. Device according to one or more or the pre- 
ceding claims, characterized by the fact that 
when the vehicle is stationary the coupling 
device (2) is deactivated, freeing the respective 
driving wheel (1) from the propulsion system 
while the computer (15) is programmed to waft 
for a given period of time before during which 
the propulsion system (Ml, M2) are kept ac- 
tivated in order to become deactivated at the 
end of such waiting period. 

1a Devics according to one or morB of the pre- 
ceding claims, characterized by the fact that 
the sensors which monitor the r.p.m. of the 
driving wheels (19s) are used at the same time 
to send the driving or regulation signal of the 
coupling device (2) and to measure the dif- 
ference in r.p,m. between the driving wheels 
{1}- 

14. Method and control device tor electrical feed 
vehicles transmission wholly or partly as de- 
scribed and illustrated for the purposes herein 
described. 
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